1. Introduction {#sec1}
===============

Total joint replacement (TJR) is one of the most clinically successful interventions for patients with debilitating hip and knee diseases.[@bib1], [@bib2] In recent decades, the procedural rates of total knee replacement (TKR) and total hip replacement (THR) have increased worldwide,[@bib3] accounting for a large share of the total health care expenditure.[@bib4] Information regarding trends in TJR is required for optimal utilization of health resources and creation of an effective health care policy. Moreover, a large amount of the resources are being used for the training of surgeons and planning for hospital capacity; this creates the need for a reliable study for the estimation of TJR in future. Studies in Nordic countries,[@bib5] Australia,[@bib6] and the USA[@bib7] have reported trends in TJR using national registry data or health insurance databases. However, only a few of them have predicted the number of TJRs to be performed in the future.[@bib4], [@bib8], [@bib9] To our knowledge, no study of such prediction has been reported for Asian countries. Previous studies in Asian countries to understand the temporal trends of TJR did not estimate future TJR rates.[@bib10], [@bib11], [@bib12] Moreover, such studies did not consider revision TJR, and in those studies the time frame of analysis was limited to 4--9 years. Therefore, a study to understand the current and future trends in primary as well as revision TJR with data from recent years and longer periods would add to the useful information of health care planning. In this study, we investigated the trends in procedure frequency from 1998 to 2009 and estimated the requirements in the next two decades for THR and TKR in Taiwan.

2. Methods {#sec2}
==========

2.1. Data sources and study population {#sec2.1}
--------------------------------------

Since 1995, the Bureau of National Health Insurance (BNHI) in Taiwan has maintained a clinical database that includes \> 99.6% of the total population in Taiwan.[@bib13] The BNHI database is statistically valid and useful for a study of current and emerging health issues. A longitudinal analysis of such a database is useful for understanding the temporal patterns of TJR. Some of the previous studies of knee and hip replacement in Taiwan have used the NHI Research Database,[@bib10], [@bib14] and detailed information about the NHI program in Taiwan is described in the agency\'s literature.[@bib13]

In this study, BNHI data were used to calculate the procedural rates of primary and revision TJR for each year between 1998 and 2009. International Classification of Diseases-9 (ICD-9) procedure codes for THR (8.51, 8.53) and TKR (8.54, 8.55) were used to identify the procedures in the database. A 2.88-million-population database was decoded, representing 12.5% of the Taiwan population. All personal identification information of patients was deleted, and patients\' personal information was protected while analyzing the data. The study was approved by the Research Ethics Committee of China Medical University and Hospital, Taichung, Taiwan.

2.2. Variable definition and statistical analysis {#sec2.2}
-------------------------------------------------

The age- and sex-specific rates of THR and TKR for a given year were expressed in terms of the number of procedures per 100,000 person-years. The rates were calculated by dividing the number of procedures by the corresponding resident population of Taiwan in that year. The primary and revision procedure rates were analyzed separately. Changes in the rates during the 12-year period (1998--2009) were evaluated. The frequency of the procedures was categorized by sex (male and female) and 10 age groups (\<40 years, 40--44 years, 45--49 years, 50--54 years, 55--59 years, 60--64 years, 65--69 years, 70--74 years, 75--79 years, and ≥80 years). The number of THR and TKR procedures performed in a given year and for a particular age--sex group was assumed to follow a Poisson distribution, which is suitable for the distribution of such count data of TJR. A multivariate Poisson regression analysis with age, sex, calendar year, and their interactions as covariates was used to estimate the future procedure rate. For estimation of future rate, the future Taiwan population estimated by the Ministry of Interior was used. The estimation method used by the Ministry of Interior includes life expectancy and the current population growth rate. Moreover, a comparison of the rates in different age groups was performed using a univariate Poisson regression analysis, and temporal trend was examined using linear regression. The statistical analysis was performed with SAS statistical software (version 9.2 for Windows; SAS Institute, Inc., Cary, NC, USA).

3. Results {#sec3}
==========

3.1. Overall trends {#sec3.1}
-------------------

During the study period of 12 years from 1998 to 2009, a total of 114,185 primary TKRs, 50,949 primary THRs, 7462 revision TKRs, and 13,189 revision THRs were reported. The number of primary TKRs increased from 6062 in 1998 to 14,467 (an increase of 138%) in 2009. The number of primary THRs increased from 3726 to 4972 (an increase of 33%; [Fig. 1](#fig1){ref-type="fig"} A). The number of revision TKRs increased from 546 to 675 (an increase of 23%). The number of revision THRs increased from 931 to 968 (an increase of 4%) during that period ([Fig. 1](#fig1){ref-type="fig"}B).Fig. 1(A) Number of primary TKRs and THRs. (B) Number of revision TKRs and THRs. THR = total hip replacement; TKR = total knee replacement.

The multivariate Poisson regression model showed age, sex, and calendar year as significant factors for the year-to-year variation in all four types of TJRs. The primary TKR and THR rates showed an increasing trend with the progression of time. In 1998, the rate of primary TKR was 28.5 per 100,000 persons, which increased to 56.8 per 100,000 persons in 2009 (an increase of 99.1%; [Fig. 2](#fig2){ref-type="fig"} A). The rate of primary THR was 17.5 per 100,000 persons in 1998, which increased to 19.5 per 100,000 persons in 2009 (an increase of 11.4%; [Fig. 2](#fig2){ref-type="fig"}B). There was a notable decrease in the rate of primary TJR in 2003, when the THR and TKR rates decreased by 8.1% and 18.2%, respectively, compared with those of the year 2002.Fig. 2(A) Incidence of primary total knee replacement. (B) Incidence of primary total hip replacement.

The revision TKR rate showed an increasing trend and the revision THR rate showed a decreasing trend with the progression of time. The revision TKR rate increased from 2.57 per 100,000 persons in 1998 to 2.65 per 100,000 persons (an increase of 3.1%) in 2009 ([Fig. 3](#fig3){ref-type="fig"} A). The revision THR rate decreased from 4.38 per 100,000 persons in 1998 to 3.8 per 100,000 persons in 2009 (decrease of 13.2%) ([Fig. 3](#fig3){ref-type="fig"}B). Similar to the primary TJR rate, a notable decrease in the revision TJR rate was found in the year 2003, when the rate of revision THR decreased by 7.1% and that of revision TKR decreased by 13.4%, compared with those of the year 2002.Fig. 3(A) Incidence of revision total knee replacement. (B) Incidence of revision total hip replacement.

3.2. Trends by age {#sec3.2}
------------------

The average ages of patients who underwent primary TKR and primary THR were 69.3 ± 8.48 years and 56.9 ± 15 years, respectively. The average ages of primary TKR and primary THR patients gradually increased, by 2.5 years and 3.5 years, respectively, during the study period. Patient age was a significant factor (*p* \< 0.05) influencing the variation of the rates of primary TKR and THR. Increasing patient age was associated with an increase in the primary TKR and THR rates. The age group of 70--74 years showed the highest rates of primary TKR and THR, compared with other age groups (*p* \< 0.05). The age group of \<40 years had the lowest rates of primary TKR and THR (*p* \< 0.05).

The average ages of patients who underwent revision TKR and revision THR were 69.4 ± 10.37 years and 60.5 ± 14.4 years, respectively. The average ages of primary TKR and primary THR patients gradually increased by 2.0 years and 3.2 years, respectively, during the study period. Increasing patient age was associated with an increase in the revision TKR and THR rates. The age group of 70--74 years showed the highest rates for revision TKR and THR (*p* \< 0.05). The age group of \<40 years had the lowest rate of revision TKR and THR (*p* \< 0.05; [Fig. 4](#fig4){ref-type="fig"}, [Fig. 5](#fig5){ref-type="fig"} ).Fig. 4(A) Incidence of primary total knee replacement for age groups. (B) Incidence of primary total hip replacement for age groups.Fig. 5(A) Incidence of revision total knee replacement for age groups. (B) Incidence of revision total hip replacement for age groups.

3.3. Trends by sex {#sec3.3}
------------------

A significant association was found between patients\' sex and the rates of all four kinds of TJRs (*p* \< 0.05). Both sexes showed an increasing trend of the rate of primary TKR. Females accounted for 74.7% of the total number of primary TKRs and had a higher primary TKR rate than males (*p* \< 0.05; [Fig. 2](#fig2){ref-type="fig"}A). The TKR rate in females was 42.2 per 100,000 persons in the year 1998, which increased by 99% in 2009, compared with 15.0 per 100,000 persons in males, an increase of 96.5% since 1998.

An increasing trend was found in both sexes for the primary THR rate. Males accounted for 57.8% of the total number of primary THRs and had a higher primary THR rate than females (*p* \< 0.05). The primary THR rate in females was 14.1 per 100,000 persons in 1998, which increased by 31.4% in 2009, while it was 20.9 per 100,000 persons in males in 1998, a decrease of 1.9% in 2009 ([Fig. 3](#fig3){ref-type="fig"}A).

An increasing trend for the revision TKR rate was found in both sexes. Females accounted for 72.2% of the total number of revision TKRs and had a higher revision TKR rate (*p* \< 0.05) than males. The revision TKR rate in females was 3.79 per 100,000 persons in 1998, which decreased by 3.4% in 2009. The revision TKR rate was 1.36 per 100,000 persons in 1998 in males, which increased by 19.9% in the year 2009 ([Fig. 3](#fig3){ref-type="fig"}B).

A decreasing trend was found in the revision THR rates for both sexes. Females constituted 41.8% of the total number of revision THRs. However, the revision THR rate was higher in males (*p* \< 0.05) than in females. The rate of revision THR in females was 3.64 per 100,000 persons in 1998, which decreased by 6.0% in 2009. The revision THR rate was 5.1 per 100,000 persons in males in 1998, which decreased by 18.0% in 2009 ([Fig. 3](#fig3){ref-type="fig"}B).

3.4. Projection of procedure rates {#sec3.4}
----------------------------------

The projected rates for the different TJRs, compared with their respective rates, in 2005 were estimated. A comparison of the rates between the years 2005 and 2030 was made, to compare with the results of the previous studies conducted by Kurtz et al[@bib4], [@bib9] in the USA.

The rate of primary TKR was projected to increase by 508.2% by 2030 ([Fig. 2](#fig2){ref-type="fig"}A). It would increase by 523.2% in females and by 415.8% in males. The rate of primary THR was estimated to increase by 69.7% ([Fig. 2](#fig2){ref-type="fig"}B). It would increase in females by 147.3% and in males by 3.1%.

The rate of revision TKR was estimated to increase by 75.3%. It would increase in females by 75.3% and in males by 33.1%. The rate of revision THR was estimated to decrease by 36.1% ([Fig. 3](#fig3){ref-type="fig"}). It would decrease in females by 26.4% and in males by 44.1%.

4. Discussion {#sec4}
=============

This study investigated the temporal trends of TKR and THR in Taiwan during a period of 12 years, from 1998 to 2009. This is the trend analysis of TJR in Taiwan, which includes revision TJR in the study and estimates the rate of TJR in the future. The study was conducted using the NHI Research Database for patients who underwent TJR of the knee or hip. This study indicated that the number and procedural rates of primary TKRs and THRs have increased in Taiwan. The increasing trend was more pronounced for TKR. The rate of primary TKR increased by around 99% between 1998 and 2009. The THR rate increased by only 11% during that period. The rate of revision TKR has increased by only 3% and that of the revision THR decreased by 13%.

The overall increase in the trends of the primary TKR and THR may be explained, at least in part, by the growing population of elderly patients, improved surgical techniques, implant materials and designs, and expanding indications for joint replacement.[@bib15], [@bib16] Such an increase in the rate is consistent with the result of a previous study conducted by Tien et al.[@bib10] The increase of primary TKR reported in Tien et al\'s[@bib10] study was 140% in 9 years (1996--2004), while our study showed an increase of 99% in 12 years. The smaller increase in the procedural rate shown in our study may suggest improved medical management of clinical conditions such as osteoarthritis. Similar studies in the USA,[@bib4], [@bib9] Nordic countries,[@bib5] Australia,[@bib6] and South Korea[@bib12] showed a higher rate of primary TKR than that in Taiwan, in the respective study periods in those studies. Such differences in the procedural rate of TJR from Western countries may be due to differences in the incidence of obesity, sociocultural beliefs about surgery, work and exercise habits, hereditary characteristics, and socioeconomic status between Taiwan and the Western populations. Taiwan\'s population has an obesity rate of 17--18%; in Western countries it is 24--34%,[@bib17], [@bib18] which may be a significant factor for differences in TJR rates between Taiwan and the Western population. Moreover, Taiwan NHI criteria for coverage of sponsored arthroplasty may also add to the difference in procedural rate.

The increase in the primary THR rate in Taiwan from 1998 to 2009 was only 11%, which was much smaller than that of the primary TKR rate. The lower incidence of hip osteoarthritis, as compared with knee, may explain this difference.[@bib19] The increase in the primary THR rate was smaller than those reported in previous studies.[@bib10], [@bib14] The smaller increase may be due to a decreased incidence of avascular necrosis of the femoral head in patients receiving THR in Taiwan. Avascular necrosis of the femoral head is among the major causes of THR in Taiwan.[@bib10] Similar to primary TKR, primary THR showed a lower rate compared with those in the USA, Nordic countries, and Australia, but higher than that in South Korea. Despite a similar prevalence of osteoarthritis[@bib20] among these countries, the lower rate of THR in Taiwan compared with that in the Western countries may be attributed to the same factors mentioned above for primary TKR. The reasons for the higher rate compared with that of South Korea need to be explored.

The primary TKR and THR rates showed an increasing trend with an increase in patient age. Similar to the results of studies from the Western countries and South Korea, the TKR rates were high in the age group of 65--75years. The increase in the incidence of symptomatic osteoarthritis with the increase in age[@bib21], [@bib22] explains this trend. The average age of patients has increased for both primary TKR and THR. Advancements in the medical management of clinical conditions such as osteoarthritis may help patients delay joint replacement surgeries, resulting in an increase in the average age of patients undergoing primary TJR.

Differences in the primary TKR and THR rates were associated with sex. The primary TKR rate was higher in females. Similar results for the primary TKR with respect to sex were reported in studies from other countries. However, in our study, the primary THR rate was higher in males in contrast to the results from studies in other countries.[@bib5], [@bib6], [@bib7], [@bib12] Such a difference may be due to the higher prevalence of avascular necrosis of the femoral head in males in Taiwan population.[@bib10] Similar to primary TKR, revision TKR showed an increasing trend with the progression of time and a higher rate in females. However, revision THR showed a decreasing trend with the progression of time, and the rate was higher in males. The revision THR rate did not increase with the increase of the primary THR rate, which may be explained as follows: (1) advancements in prosthesis design, such as wear-resistant polymer-lined implants[@bib23], [@bib24]; (2) improvement in surgical techniques[@bib25] for THR to ensure alignment of the implant with the joint; and (3) sociocultural factors such as patients\' preference to avoid the pain and discomfort of revision surgery and receive the care offered by their family members.

The average patient age for both revision TKR and THR has increased. The increase may be attributed to the increase in the average patient age for the primary TKR and THR.

In 2007, Kurtz et al[@bib4] predicted that in the USA in 2030, the rates of primary TKR, primary THR, revision TKR, and revision THR would increase by 673%, 174%, 600%, and 137%, respectively, compared with those in 2005. The estimation in their study was higher than those in ours (1.3 times for primary TKR, 2.5 times for THR, 8.0 times for revision TKR, and 4.8 times for revision THR). In 2014, in another study by Kurtz et al,[@bib9] the increase in the primary THR rate was estimated to be higher than that in their earlier prediction. The lower estimated increase of rates in our study may be due to the same factors mentioned above as the reasons for lower primary TKR and THR, and also due to the difference in the statistical model used in our studies. However, in Taiwan, the projected rate of primary TKR is high, having a significant impact on health budgets and service provisions.

A notable decrease in the THR and TKR rates in 2003[@bib26] was due to the severe acute respiratory syndrome outbreak during that year. In that year, for several months only a limited number of the facilities were available for TJR in Taiwan.

The limitations inherent to a large administrative database are applicable to our study. First, the current study used ICD-9 codes, which may lead to under-reporting of comorbidities. Second, since this was an observational study, the associations observed are not necessarily causal relationships. Third, a limited number of variables are available in the BNHI database, which makes it impossible to control other important confounders such as clinical and genetic factors.

In conclusion, this study offers an insight into the current status of TJR in Taiwan, and its projection results can be useful for future planning of budget and resources for TJR in Taiwan. The current study can be further extended to observe changes in the pattern of hospital stay, economic burden to the patient and country, and the effect of different treatment modalities on the trends.
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